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Specification 



Title Of the Invg n 1 5. on : 

Meter for Remain inq Capacity in Storage Battery 
Claims .- 

A meter for remaining capacity in a storage 
battery comprising; 

a quantity of electricity detecting portion for 
detecting a charq^d quantity of c> lactrici ty and 
discharged quantity of electricity in said sr.ora 
bactery so ae to output the c;h?rq<td quantity of 
electricity and the discharged quantity of 
electricity as digital signal s; 

a temperature acr.ocr.inq portion for dcccc- 1 na th 
temperature of said storage battery so as to 
output the detected temperature as a digital 
signal; 



a memory means char scores data and an equation 
required for calculating at least one of the 
quantities of either dischargeable electricity or 
time dischargeable by using the detected quar.titv 
of both the charged and discharged electricity and 
the detected temperature; 

a digital calculation processing portion which 
calculates through digital calculation at least 
one of the quantity of dischargeable electricity 
and the time dischargeable by using a signal 
output from said quantity of electricity detecting 
portion and said temperature detecting portion, 
data stored in said memory nutans, and the 
equation; and 

a display portion for displaying at least one of 
the dischargeable quantity o£ electriciry and the 
dischargeable time . 

(2) A meter for remaining capacity in a storage 
battery according r.o claim 1 wherein saic 
temperature detecting portion comprises a 
temperature detector disposed in the vicinity of 
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said storage battery and an analog/digital 
converter for converting an output from trie 
temperature detector into a digital qu£ntity. 

(3) A meter for remaining capacity in a storage 
battery according to claim ? vhsroin said quant: tv 
of electricity detecting portion comprises a 
quantity of electricity detector for detecting thft 
charged quantity of electricity and the discharged 
quantity of electricity by generally calculating 
both a charged current and a discharged current, 
and an analog/digital converter for converting sr. 
output from the quantity of electricity detector 
into a digital quantity. 

(4) A meter for remain i.ng capacity in a storage 

bdttery according to claim 3 wherein said 
temperature detector and said quantity of 
electricity detector operate at ail times, and 
each of said analog/digital converters, said 
digital operation processing portion, and s*id 
memory portion operate intermittently. 
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(5) A meter for remaining capacity in a storage 
battery according to claim 2 wherein said quantity 
Of electricity detecting portion comprises an 
amperage detector for detecting , 3 charged arroerroc 
and a discharged amperage, an .analog/digital 
converter for converting an output l:orn trie 
analog/digital converter intc a digital cuamitv 
and a calculation means for time integrating the 
output from the analog /digital converter. 

(6) A meter for remaining capacity in a storage 
battery according to claim 5 wherein said 
temperature detector and said cuixeni deteetoi 
operate at all tines, each of said analog/digit* 1 
converters, said calculation means, said digital 
calculation processing portion, and said nprnorv 
moans operate intermittently. 

(7) A meter for remaining capacity in a storage 
battery according to claim 61 whore in s*id digital 
calculation processing portion also server an said 
calculation mcann. 
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(flj A meter for remaining capacity in a. storage 
battery comprising: 

a quantity of electricity detecting portion for 
detecting a charged quantity of elccr.ricu.y nn<i 
discharged quantity of electricity in said storaq* 
battery so as to output the charged quantity cf 
electricity and the discharged quantity of 
electricity as digital signals; 



a temperature detecting portion for detecting the 
temperature of said storage battery so zs to 
output the detected temperature as a digital 
signal; 



a storage battery capacity measuring portion for 
measuring the capacity of said storage battery by 
connecting a diumny load to said storage battery to 
discharge said storage battery; 

a memory means that stores each kind of data, 
including a discharge capacity, at a standard 
temperature and an equation required for 
calculating at least one of either the quantity of 
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dischargeable electricity or time dischargeable * r. 
a detected temperature by using the detected 
quantity of both r.he charged ana discharged 
electricity and the detected r emoe ra r u:p ; 

a digital calculation processing portion for 
calculating out through digital calculation 
least one of the quantity of dischargeable 
electricity and the dischargeable time by using a 
signal output from said quantity of electricity 
detecting portion and said temperature detecting 
portion, data stored in said memory means, and the 
equation; and 

a display portion for displaying at least on<r of 
the dischargeable quantities ot electriciry .^nd 
the time dischargeable; 

vherein said digital operation processing portion 
calculates out the discharge capacity at the 
standard temperature by using the capacity of said 
storage battery detected m the measurement of r.he 
capacity by the storage battery capacity measuring 
portion, the signal output Irom said temperature 



- S - 



detector and the data stored in the circuit of 
said memory means so that the discharge capacity 
at the standard temperature is stored in said 
memory circuit as new data zo compensate for any 
variation in the capacity resulting from the agir.q 
of said storage battery. 

4 

(9) A meter far remaining capacity in a storage 
battery according to claim 8 wherein said 
temperature detecting portion eompr ires o 
temperature detector disposed in the vicinity o:' 
said storage battery and an analog/digital 
converter for converting an output from the 
temperature detector into a digital quantity. 

(10) A meter for remaining capacity in a storage 
battery according :o claim 9 wherein said 
quantity of electricity detecting portion 
comprises a quantity of electricity detector for 
detecting the charged quantity of electricity and 
the discharged quantity of electricity by 

generally calculating both che charged current 
ajid the discharged current, and an analog/digital 
converter for converting an output Irom the 



- 7 - 



quantity of electricity detector into a digital 
quantity. 

(11) A meter for remaining capacity in a storage 
battery according to claim 10 wherein said 
temperature detector and said quantity of 
electricity detector operate* at all times, and 
each of said analog/digital converters, said 
digital calculation processing portion, and said 
memory portion operate intermittently. 

1 12) A meter for remaining capacity in a storage 
battery according to claim 11 where ir. said 
quantity of electricity detecting portion 
comprises an ampprage> detector for detecting a 
charged amperage and a discharged amperage, an 

analog/digital converter for converging an output 
from the andlog/digital converter into a digital 
quantity, and a calculation means for time 
integrating the output from the analog/digital 
converter. 

(13) A-meter for remaining capacity m a storage 
battery according to claim 12 wherein said 
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» 



temperature detector and said current detector 
operate at all times, each of said ana log/d i.gl r.A l 
converters, said calculation means, said dioitai 
operation processing portion, and said memcrv 
means operate intermittently. 

(14) A meter for remaining capacity in a storage* 
battery according to claim 13 wherein said 
digital calculation processing portion also 
serves as said calculation means . 

(15) A meter for remaininq capacity jn a storage 
battery comprising: 

a quantity of electricity detecting portion 
detecting a charged quantity of electricity 
discharged quantity of electricity in said 
storage battery so as to output the charged 
quantity of electricity and the discharged 
quantity of electricity as digital signals; 

a temperature; detecting portion for defecting the 
temperature of said storage battery so as to 



iOL 

and a 
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output the detected temperature as a digital 
signal; 

a portion for detecting the time which said 
storage battery is allowed to stand idle which 
totals such time and converts the :oral time in-n 
a digital signal; 

a memory means that stores data and equations 
required for calculating ar least one of the 
quantities of dischargeable electricity and time 
dischargeable by using :hc detected quantity of 
both the charged and discharged olociricitv and 
the detected temperature, as well as data, ^nd 
the equations required for compensating for said 
dischargeable quantity of electricity and said 
time dischargeable by calculating the quinnx;y of 
electricity sslf -discharged within said time 
during which said storage battery is allowed tc 
stand idle; 

a digital calculation processing portion for 
calculating out through dicital calculation at 
least one of the quantities of dischargeable 
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electricity and the time dischargeable by using a 
signal output from said quantity of electricity 
detecting portion and said temperature detecting 
portion, data, and the equation stored in said 
memory means so as to compensate for variation in 
the discharge capacity resulting from said sel: 
discharge; and 

a display means for displaying at least one of 
either said dischargeable quantity of electncitv 
or said time dischargeable. 

(15) A meter for remaining capacity in a storage 
battery according to claim 15 wherein said 
temperature detecting portion comprises a 
temperature detector disposed in the vicinicv ol 
said storage battery and an analog /dig ica 1 
converter for converting an output from the 
temperature detector into a digital quantity. 

(17) A meter for remaining capacity in * storage 
battery according to claim 16 wherein said 
quantity of electricity detecting portion 
comprises a quantity of electricity detector for 
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detecting the charged quantity of electricity and 
the discharged quantity of electricity by 
generally calculoting both a charged current dnu 
a discharged current, and on analog/digital 
converter for converting an output from the 
quantity of electricity delete: into a digital 
quantity . 

(18) A meter for remaining capacity in a storage 
battery according to claim 17 wherein said 
temperature detector and s<iid quantity cl 
electricity detector operate at all times, and 
each of said analog/digital converters, said 
digital calculation processing portion, and said 
memory portion operate intermittently. 

(19) A meter for remaining capacity in a storage 
battery according to claim 18 wherein said 
quantity of electricity detecting portion 
comprises a current detector for detecting a 
charged current and a discharged current, an 
analog/digital converter for converting an output 
from the analog/digital converter into a digital 
quantity, and a calculation means for time 
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integrating the output from the analog/digital 
converter. 

(20) A meter tor remaining capacity in a storage 
battery according ro clair. 13 ^herein said 
temperature detector, said current detector, ar.d 
a portion for detecting the tixn during which 
said storage battery is allowed no stand idle 
operate at all times, and each ot said 
analog/digital converters, said calculation 
means, said digital calculation processing 
portion, and said memory mtcins operate 
intermittently . 

(21) A meter for remaining capacity in a storage 
battery according to claim 15 or claiir, 20 whert-m 
said digital calculation processing porr.ion aho 
serves as said calculation means. 

(22) A meter for remaining capacity in a storage 
battery comprising: 

a quantity of electricity detecting portion for 
detecting a charged quantity of electricity and a 
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discharged quantity of electricity in said 
storage battery so as to output the charged 
quantity of electricity and the discharged 
quantity of electricity as digital signals; 

a temperature' detecting portion for detecting the 
temperature of said storage battery so *s> to 
output the detected temperature as a digital 
signal ; 

a storage battery capacity measuring portion for 
measuring the capacity of said storage battery by 
connecting a dummy load to said storage battery 
so as to discharge said storage battery; 

a portion for detecting the time which said 
storage battery is allowed to stand idle which 
totals such time and converts the total time into 
a digital signal; 

a memory means that stores data and equations 
required for calculating at least one of the 
quantities ot dischargeable electricity and time 
dischargeable by using the detected quantity of 



- 14 - 



both the charged and discharged electricity and 
the detected temperature, as well as data, and 
the equations required for eompensa ting for saic 
dischargeable quantity of electricity and 5<iic 
time dischargeable by calculating the quantity or 
electricity sol f -dischargee wulnn said time 
during which s*id storage battery is allowed to 
stand idle; 

a digital calculation processing portion for 
calculating out through digitai calculation at 
least one of the quantities of either 
dischargeable electricity and the time 
dischargeable by using a signal output trout said 
quantity of electricity detecting portion and 
said temperature detecting portion, data, and the 
equation stored in said memory means so as to 
compensate for variation in the discharge 
capacity resulting from said self -discharge; and 

a display means for displaying at least one of 
either staid dischargeable quantity ot eiectricity 
or said time dischargeable; 
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therein said digital calculation processing 
portion calculates a discharge capacity at said 
standard temperature by using the capacity of 
said storage battory detected i.n the measurement 
of the capacity by the storage battery capacity 
measuring portion, the temperature detected by 
said temperature detector, and the. data stored in 
the circuit of said memory means so that zho 
discharge capacity at the standard temperature ; 
stored in said memory circuit as now data so as 
to compensate for variation in the capacity 
resulting from the aging of said storage battery. 

(23) A meter for remaining capacity in a storage 
battery according to claim 72 wherein said 
temperature detecting portion comprises a 
temp^rAtuM dAwctor disposed in the vicinity of 
said storage battery and an analog/digital 
converter for converting an output from the 
temperature detector into a digital quantity. 

(24) A meter for remaining CcipsciTy in a storage 
battery according to claim 23 wherein said 
quantity of electricity detecting portion 
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comprises a quantity of electricity detector for 
detecting the charged quantity of electricity an 
the discharged quantity of electricity by 
generally calculating both a charged current and 
a discharged current, and an analog/digital 
converter for converting an output from the 
quantity of electricity detector into a digital 
quantity. 

(25) A meter for remaining capacity in a storage 
battery according to claim 24 wherein said 
temperature detector and said quanticv at 
electricity detector operate at all times, and 
each of said analog /digital converter?, said 
digital calculation processing portion, and saia 
memory portion operate intermittently . 

(26) A meter for remaining capacity in a storage 
battery according to claim 25 wherein said 
quantity of electricity detecting portion 
comprises a current detector for drrocnng c 
charged currant and a discharged current, a/, 
analog/digital converter for converting an output 
from the analog/digital converter into a dioital 
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quantity, and a calculation means for time 
integrating the output from the analog /digital 
converter . 

(21) A meter for remaining capacity in a storage 
battery according to claim 26 wherein said 
temperature detector, said current detector, arc 
a portion for detecting the time which said 
storage battery is allowed to stand idle operate 
at all times, and each of said analog/digi z-i 1 
converters, said calculation means, said digital 
calculation processing portion, and said memorv 
means operate intermit tent ly . 

(28) A meter for remaining capacity in a storage 

battery according to claim 26 or claim 27 ^herein 
said digital calculation processing portion also 
serves as said calculation means. 

• Detaile d Descrip tion o i the Invention ; 

The present invention relates to a meter for remaining 
capacity in a storage battery that displays the 
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remaining capacity and charge condition of the storag 
battery. 

Storage batteries such as nickel cadmium storage 
batteries and lead batteries hav<* quite recently come 
to be widely used as a power source for portable 
electric appliances. In any -ype of storage battery, 
the quantity of elocuricity that can be supplied 
through one charging in limited. When a lo^d is dr i 
by such batteries for a certain period of tine, the 
battery requires charging. To improve me aveiiabilii 
factor of an electric appliance, it is necessary to 
know how much electricity can be supplied to the 
storage batteries being discharged. One device that 
meets this purpose is the remaining capacity netec . 
The conventional type of meter for remaining capacity 
directly measures the quantity ot charged a no 
discharged electricity and displays the remaining 
capacity. In general, the remaining capacity is 
greatly affected by the temperature of the batteries 
and the charging efficiency. As a result, r.hi accura- 
detection of remexning capacity is; not. pocsxb.e bv th«- 
simple measurement of -he q-jantiry of charged and 
discharged electricity, And in is necessary t: 
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compensate for the affect of -he cemperarur,. and -.he 
charging efficiency. However, bPcause conventional 
remaining capacity metors perform this kir.d of 
compensation calculation by analog msdns their 
precision cannot be raised, and the remaining capacity 
cannot be accurately indicated. in addic.cn, m order 
to determine the remaining capacity .lr.curately it is 
necessary to compensate for the variation in the life 
of batteries and the variation in capacity resulting 
from self -discharge when they arc allowed to stand 
idle'. It was extremely difficult for analog refining 
capacity meters to perform such r.omp«nr.ar. 1 on 
calculation . 

The object of the present invention is to provide a 
remaining capacity meter in a storage battery which can 
accurately perform compensation calculation owing to 
the temperature of the battery, the charging 
efficiency, variation in the lift... the battery, and the- 
se! f -discharge thereof and display cho remaining 
capacity with high precision. 
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A meter for remaining capacity in accordance with the 
present invention will be detailed hereunder with 
reference to the embodiment shown in the drawings. 

Figure 1 schematically shows an embodiment in ~h.i. c h 
remaining capacity in a nickel cadmiun storage battery 
is displayed. Referring to Figure :, Reference Number 
1 designates a nickel cadmium storage battery, 2 & 
charger for charging ch« storage battery, 3 a load (for 
example, a portable VTR and a TV camera, driven by thr 
storage battery 1,4 a quantity of electricity d fit9 «cr 
for showing a quantity of electricity by integrating 
charged and discharged current m the £x:orag£? bac - arv 
1. In the embodiment- shown in Figure 1, the charger 2 
and the load 3 are connected to the storage battery v ia 
a shift-over switch S and the quantity of electricity 
detector 4. When the battery is charged, the charger 2 
is connected to the battery 1 via the quantity of 
electricity detector 4. when the battery is loaded the 
load 3 is connected to the battery 1 via the 
electricity quantity detector 4. 

The quantity of electricity detector 4 can comprise, 
for example, small resistors inserted in series into * 
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circuit through *hich charged and discharged current in 
th. batwry passes along v it h a potential memory dev, ce 
connected in parallel to the small resistors. The 
potential memory device outputs a voltage proportional 
to the -quantity of electricity that passes through 
For example, a deviw known by Lhe tEacJg 

-memoryode" manufactured by Sanyo Electric Co.. Ltd.. 
can be used as the potential memory dev ice . As che 
above quantity of electricity device 4, * COulon * mez ^ 
or the like can be used. An Analog ., igna i proportion*: 
to the quantity of charged and discharged electricity 
obtained by the quantity of electricity detector < is 
entered into an analog/digital converter 6 in which ths 
analog signal is converted into a digital signal. The 
quantity of electricity detector 4 and the analog/ 
digital converter 6 detect the quantity of charged 
electricity and che quantity of discharged electricity. 
Thus the quantity of electricity detector 4 and the 
analog/digital converter 6 constitutes a quantity of 
electricity detecting portion 7 tnat detects the 
quantity of charged electricity and the quantity of 
discharged electricity and outputs these quantities a* 
digital 'signals. The digital sign*! given by the 
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converter 6 enters into a digital calculation 
processing portion 8. 

To detect the temperature of the storage battery 1, a 
temperature detector 9 is disposed in rhe vicinity of 
the storage battery I. The temperature detector usee 
in the storage battery comprises, for example, a 
temperature detecting device that outputs a current 
proportional to the absolute temperature, rhe 
temperature detecting device having a resistance and - ; 
direct current power source connected in series Z o it. 
thereby making it possible to give across chia 
resistance a voltage for temperature detection 
proportional to the absolute temperature. Such a 
temperature detecting device includes an ad 590 
manufactured by Analog Devices, Inc. A temperature 
detecting signal given by the temperature d«t oc tor 9 
enters into an analog/digital converter 10 ^herein the 
signal is converted into a digital signal. m this 
particular embodiment, the temperature detector 9 ,md 
the analog/digital converter 10 constitutes temperature 
detecting portion 11 which detect., th* t-mpera cu r « of 
the battery and converts the detected temperature intc 
a digital signal. The digital si 9 nal given by the 
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converts 10 enters into the digital calculation 
processing portion 8. 

Data designating the number of charging* enters fr 
th« charger 2 into the digital calculation procaine 
portion 8. This data is u , ec - for determining the ti;n„ 
when the variation in the life of the discharge 
capacity of the battery l is CO be measured. To 
measure the variation in the l if * of the b « s . ry and 
lighten the precision i„ the calcuj.uic, of the 
regaining capacity, a du^y load 12 is provide on the 
side of the charger 2. This dujnmy lead 12 permits 
actual measurement of the discharge capacity of the 
storage battery. The du^y load 12 U connected to th, 
storage battery each time a predetermined number of 
charging operations is performed. Consequently, the 
battery is discharged to the termination voltage v ia 
the d^y load 12 to allow the portion 7 for detecting 
the quantity of charged and discharged electricity to 
actually measure the discharge capacity. This data 
enters into the digital calculation processing portion 

e. 



\ 
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A memory circuit 13 is mounted to store data and an 
equation required for calculations performed by the 
digital calculation processing portion 6. A display 
portion m is connected co the output end of the 
digital calculation processing portion 8. Only 
necessary results our of the results of the 
calculations performed by the digital calculation 
processing portion 3 are displayed on the dispu, 
portion 14. 



In the remaining capacity meter show^ in f- igure l( cflfe 
analog/digital converters 6 and i0/ the dioitdl 
operation processing portion S, and the memory circuir 
13 are driven by the storage battery 1. : t is 
necessary to minimize the power consumed in the circuit 
of the remaining capacity meter and to relieve the load 
applied to the storage battery in ord, r co supply 
sufficient power to the load 3. For this purpose, a 
timer 15 is mounted in the embodiment shown i- ? i( ; urc 
1- Analog/digital converters 5 and 10, the digital 
calculation processing portion 8, and the memory 
CilCUU 13 *"* actuated w t , h a signal transmitted from 
the timer at a certain interval, for example, once in 
every five minutes, 50 that these devices perform their 
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own predetermined calculator* . After the predetermined 
calculations, power supply to each device is 
automatically cut off. On the other hand, when the 
battery 1 is allowed to stand idle without being 
connected to the load 3 or the charear 2, the timer 15 
terminates the movement of the analog/digital converter 
6 and the operation of the digital calculation 
processing portion 6. uhen the batLery l iS connected 
to the load 3 or the charger 2, the time which the 
battery is allowed to stand idle is migrated and 
entered into the calculation processing portion G. In 
addition, when the battery l is allowed to stand idle, 
an instruction is given at a certain time inters 1 , to 
the temperature detector 11 in order to detect the 
temperature of the storage battery i. The temperature 
thus detected is stored in the memory circuit 13. The 
time which the battery is allowed tc stand idle and the 
temperature thereof during the time stored in the 
memory circuit 13 are used as data for compensating for 
the variation in the capacity owing to self -discharge . 
When the battery is connected to the load J or the 
charger 2, the digital calculation processing portion 9 
performs an operation for compensating for the 
variation in the discharge capacity owing zo the 
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self-discharge to calculus the remaining capacity or 
the like. 



The digital calculation processing portion 8 calculates 
at least one of either the dischargeable quantity of 
electricity (remaining capacity) or time dischargeable. 
In addition, this portion also pprforms operations fox 
calculating the charqing state, -.he variation in the 
life of the battery at standard temperature , 2nd 
compensating for the variation in remaining capacity 
owing to self-discharge. Data and equations required 
for performing these operations are scored in the 
memory circuit 13. The data and equation stored 
therein depend on the kind of battery and the parameter 
selection method. For example, in the case of a nicks! 
cadmium storage battery, the follouinq data is stored-. 

(I) The relationship between the battery temperature 
ThCC] and the ratio f (T) of the discharge 
capacity at the battery temperature during 
discharge against the discharge a: Ah] at the 
standard Wnpcraturft (ftereinaftar rafarrod te 30 
the standard discharge capacity) 
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(ID The relationship between rhe charging efficient 
of the battery and the ratio Q„/ Qe cf che 
temperature T, and the charged st.te Qc , (Ah] 
against the standard discharge capacity Q 6 

(HI) The relationship between the r.elf-c.L 5Qhaj:ge 
current ^„ [mAJ and the racio Qf _ h<? 

temperature. T e and the charge stare against c,* 
standard discharge capacity o_ 

The above data is to be determined in advance through 
testing or the like. An cxampl. of d.ta ana 

(HI) is shown in Figure 2, Figure J and Figure 4 
respectively. 

incidentally, referring to Figures 3 and 4 , curves a 
■nd b designate c.ses wh ere the battery temperature T„ 
stand idles at 0°C and 20°c, respectively. 

As described above, in .accordance with t>,e present 
invention, the m«n,ory circus stcrc, ail C4 - a uSod for 
Che compensation. >;ven when the size of the battery or 
the load changes, the circuit itself need net be 
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modified unlike in the case of the conventional analog 
type. Only the data stored in the memory circuit 13 
has to be modified. 



The digital calculation processing portion 3 reads 
voltage values entered from the analog/digital 
converter 6. The quantity of discharged electricity Q 
that flows through the circuit during the reading time 
and the quantity of charged electricity Q c arc 
calculated from the difference between r.he voltage 
value read by the portion 8 and -.he value storeo in th 
memory circuit 13 read by the same- portion in the 
previous calculation and the proportional constant of 
the variation in the output voltage of the quantity of 
electricity detector 4 stored in advice in the memory 
circuit against the quantity of charged and discharged 
electricity. Then the following calculations are 
performed with the quantity of electricity 0, and Q, 
thus calculated, the temperature of the storage battery 
detected by the temperature detector 11, the charging 
time given by the charger 2, the measured time which 
the storage battery is allowed to Stand idle, and the 
data stored in the memory circuit 13, the above L i me 
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being measured by the tinier 15. The result of the 
calculations is displayed on the display portion 14. 

(1) Calculation of Remaining Capacity 

When the battery 1 is discharged with a load 
connected to it, the remaining capacity of the 
battery is calculated and displayed. A possible 
method for displaying the remaining capacity 
includes one for directly displaying the quantitv 
of dischargeable electricity Q T retained in the 
storage battery 1 and one for displaying the time 
dischargeable (time during which the battery can 
be discharged) as a load current. in accordance 
with the present invention, the remaining capacity 
can be displayed as either of the quantity of 
dischargeable electricity cr tine dischargeable. 
Otherwise, the remaining capacity car. bo displayed 
as both the quantity of dischargeable capacity and 
the time dischargeable. The quantity of 
dischargeable capacity Q f is calculated based on 
the quantity of discharged el*crrir\ry Q the 

temperature T s of the battery, and the data stored 



- 30 - 



in the memory circuit 13 through the following 
equation: 



Q, * Qo <f (T b )-i> ♦ Q<J . - ZQ{ 



(1) 



wherein Q 0 designates the standard discharge 
capacity, Qej , the charged state at the termination 
of the previous charging opera r ion (the 
calculation of thn charged state u-U bP detailed 
hereinafter), and ZQ a the total quantity o£ 
discharge after the initiation of the present, 
charge. in addition, an example of the function ; 
(T») is shown i n Figure 2. Incidentally, the tine 
dischargeable can be obtained by dividing the 
above quantity of dischargeable electricity Q r [Anj 
by the discharged current. Either one or both ci 
the quantity of dischargeable electricity ana the 
dischargeable time is displayed on the display 
portion 14. 
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Calculation of the Charged state Q te 



The charged state of electricity (the quantity of 
electricity charged in the storage battery) i S 
calculated based on the quantity of charged 
electricity o«, the temperature T t o: r.hc battery, 
the charging time t k required up to the nuunter oS 
times k for reading data, and the data stored in 
the memory circuit 13 in th« fc). lowing equ.ir.ion: 

Q ea (^) -0 M (c k ...) -n^Ss^'-i* ;. Qm .... (2) 



wherein Q e , designates the charged state at k 
number of times of reading data. The tine of the 
iniriation of the charging is represented 5y che 
following equation: 

Q« (t.) = Q„. - (3) 

Incidentally, an example of the function 
1« (T», 0 c .(t k .,)/Q o ) is shown in .-iguru .1. 
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The above charged state is calculated in ev ery 
definite time determined by the timer 15. the 
result of the calculation is displayed on the 
display portion U. Thus such a display of the 
charged state simultaneously provides the process 
of the charging when a plurality C f .«toraq« 
batteries so as tc make it possible -.0 «. d5 ily 
predict the time whon the charging process is 
centered. This facilitate, the u .,« ge schedule o: 
the storage battery. Although, th« calculation o: 
the charged state is absolutely required, the 
display thereof is not necessarily needed. 

Upon completion of the charging of the srorage 
battery i, the charged state Q cd at thee time is 
compared with the standard discharge capacity Q. . 
A smaller v a lu« ,. s stored in _ he ^ 
as Q t ,.. 
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(3) Calculi for Compensating £or Variation in 
Capacity Ow ing Zo the Self-Discharge of the 
Storage Battery 

The storage* bacterv i self h,-^^ 

- 1 se ^t-discharges to some 

degree when no el. ct ,ici, y is Supplied , Q ft ^ 
Thus correct calculator, of the remaking capacity 
requires the calculation of the loss of 
electricity ou, ng to self-discharge so a S to 
compensate for such l oss . In tht pr „ €nc 
indention, „h cn t 3t0rage ^ ^ 

stand idle, the charged state after the 
compensation of the loss of electrlcxty Qwing Co 
self-discharge 1S calculated at tho initiation of 
the discharge based on the bat:rery texture Th 
the ti»e t, .hich the battery i 5 allcwed to st , nd 
idle until the „ UBb . r o£ tinc , for ^ 

«nd the data stored in the memory circuit 13 us.ng 
the following equation: 



C ec (c,) ■O iI lc > ,)., lit( £«U,. 1 ) ) (C| 



0 --- (4) 
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*-«in Qe* (t f , designates the charged scat . in 
the case of data reading circuit , . An sxampls c . 
the function < T> . Q. i( t,. 1 ,/Q., is , hown in Figurt 
4. The charged state at the initiation a f th< , 
discharge is designated by 
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Q* • -- (5) 



The ouantity of dischargeable electricity i s 
calculate w ith thc charge ^ repr-keR _^ hy ^ 

(4) Calculation for Compensating tor Variation in the 
Capacity 0w ing to th e change in , he Life of lne 
Storage Battery 

In general, storage battles gradually decrease 
in capacity along v lC h increase x „ tn# ni4mb . t o£ 
the discharge cycles. Storage batteries are 
normally replaced by a new one when the capacity 
decreases to less than 50% in most cases. Thus 
the capacity of the storage battery changes durir.cr 
its life. Tnus ^ when Lne standar<; diBch4r9e 

capacity 0< is kept at a preset level, the 
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refining capacity thus calculated generates a 
large error. The following method is mailable 
for approximating the standard discharge capacity 
"it* regard to the capacity of the storage battery 
ac that point. 

(*) The standard discharge edacity is 

compensated tor during calculation oy 
determining and scoring in advance in the 
memory circuit, u Lhe relationship between 
che deterioration in the Ufa of the storage 
battery and the period of usage, the number 
of Charging and discharging cycle, the 
integrated quantity of discharged 
electricity, and the integrated quantity of 
stored electricity. 

(*) After the storage battery is completely 
charged, the storage battery is actually 
discharged to measure the capacity of che 
storage battery. The measured value is 
compensated for in terms of temperature, and 
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the measured value is used as th# stand4rd 
discharge capacity Q a . 

in the present in W .iio„ ( any of rho, e .-necho.s 
be used. In the embodiment shown in Figure ) 
compensation for life is carried out ^ ^ 
«ethod (b,. Consequently, in , he embodi , enL ^ 
in F igure 1, a dunmy load 12 ,s provided on the 

side of the charger 2 A're- «- 

y 14 • A-ter rne stcra<--« battery 

is completely charged, -he dummy load ; 2 is 
connected to the stor^e battc~v l 
of the discharged electricity is thus detected, 
and the capacity of the storage battery i» 
actually measured. m this case, two methods can 
be considered as means for determining thc 
capacity of the storage battery, m one method, 
the «paci Cy o£ tho sto „ ga bazzQry . 9 deceei(i . ned 
from the relationship between the capacity of the 
storage battery and the discharge voltage measured 
and determined in advance by allowing the storage 
battery 1 to momentarily discharge, m -.ha other 
method. the cap.c lty of the ^orag* bat^ry is 
actually measured by allowing the storage, battery 
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to completely discharge to termination voltage. 
In the case of nickel cadmium storage batteries, 
the variation in the discharge voltage is small. 
It is also very difficult to measure the capacity 
of the storage bakery . m this embodimenr , the 
method of discharging the Outcry to the 
termination voltage is adopted. An actual 
measurement of the capacity of the storage battery 
is performed once when a predetermined number or 
charging operations (for example thirty times, is 
performed. After the discharge capacity is 
measured, the storage battery is recharged. The 
number of charging operations is counted with a 
_counter J.ncorporat ed into the charger_2_ J" When "the " 
number of charging operations reaches a 
predetermined umber, a 3i gnol is transmitted to d 
digital calculation processing portion 8 to 
indicate the time has come for the capacity of the 
storage battery to be measured. Upon receiving 
the signal, the digital calculation processing 
portion 8 offers to the charger 2 on instruction 
to perform a charging and discharging pattern in a 
cycle of. measuring the capacity of the storage 
battery, the pattern includes the following steps; 
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charging, complete discharging co the termination 
voltage, and the calculation of function f (Tb) of 
the standard temperature Q.. The value of the 
standard discharge capacity Q e thus calculated is 
used as a standard discharge capacity f 0: a 
predetermined timber [for example 30 uimes i of 
charging and discharging cycles. Incidentally, 
compensation for the discharge capacity nay ne 
performed every time the battery is charged. Sut . 
it is sufficient if such compensation in made at 
the predetermined charging tines. 

As discussed above, in the present mention, the 
standard charging capacity i s compensated for depending 
on the number of charging and discharging cycles. Thus 
it is possible to accurately detect the remaining 
capacity even when the lif* o£ the b ««. ey is &bQxjZ co 
expire. it is also possible to accurately detect the 
actual capacity of the battery. Thus it is posa >bi*, 
"hen necessary, to display the change in the l.fe of 
the battery in terms of the ratio of the capacity of 
the battery to the rated capacity, when the capacity 
of the battery has decreased to less than a level of 
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the usage lia.it, A warning cafl be ^ ^ ^ 

a red lamp or the like. 

in the above embodiment, the quantity of .i.r.tricity 
detector 4, which generates an output signal 
proportional to th« quantity of eUctricizy. detects 
the quantity of the charged and discharged alectricitv. 
In another ^ thod , an amper<age de , eccoc , for exampie 
small resistors in Serte d m sarj . es into a chncged 
circuxt through which charging and discharging curr.nr 
passes) may be used to detect cha charging ar.d 
discharging current, which enter, -.-.to r.he digital 
calculation processing circuit 3, j. n which the charging 
and discharging current is tine integrated. m this 
tim e integration process, the analog/digital co „v„t« 
6 and the digital calculation processing portion 8 are 
intermittently operated by the tia*.- : 5 . Tha current 
value measured in a certain time interval (for example 
5 minutes, is used in the above time integration to 
detect the quantity of electricity ov er „ period wh .„ 
the current value is not. actually measured on the 
assumption chat current, flows uniformly flVM when such 
measurement is act carried out. une* the v arxatioft in 
the load is small, the quantity of discharged 
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electricity cart be calculated without fail even by such 
a method. Such a method e ,en reduces the power 
consumed in the circuit of the remaining capacity 



meter. 



in order to embody the construction illustrated in Cn ,_. 
block diagram shown in Figure 1, such devices, for 
sample, as the portion 7 for detecting the quantity of 
charged and discharged electricity, the temperature 
detector 11, the digital calculacion processing portion 
8, the memory circuit 13, and the display unit 14 are 
incorporated into a unit to be attached to the storage 
battery 1 as accessories, when the storage battery 1 
is connected to the charger 2, the charger 2 may be 
connected to the digital calculation processing portion 
8 or the like so that a necessary signal is exchanged 
between the*. Xn , ddicion , „ hen the Load 3 (for 

example, a portable v T R and TV camera) can be providec 
"ith a terminal to which the charger is connected so 
that the storage battery 1 may be charged with the 
portion, mounted within '.he load 3 except the charging 
device 2 or when the- charger 2 can be mounted within 
the loa'd 3, all portions of the construction shown in 
Figure 1 can be incorporated inw the load 3. with 
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respect to devices li ke the analog/ digi tal converter3 6 
and 10 that can be either used inside or outside the 
load, the whole unit can be constructed so that tho 
analog/digital converters 6 and 10 can be mounted 
either inside or outside the load 3. 

in addition, each part of the construction shown ir. 
Figvre 1 can be arranged separately such as , for 
example, a storage battery, a charger, and a load. 
Figure 5 is an embodiment in which each part is 
arranged separately. Referring to Figure 5, Symbols B, 
C, and L designate a unit arranged on the side of the- 
storage battery i, a unit arranged on. the side of the 
charger, and a unit arranged on the side of the load, 
respectively, m other words, in this particular 
embodiment, a temperature detector 9 and a memory 
circuit 13 are mounted cn the side of the storage 
battery 1 so that the detector 9 and the circuit U arc- 
integrated in the storage battery 1. On the side of 
the charger 7 are mounted a quantity of electricity 
detector 4C, an analog/digital converter 61, a digita: 
calculation processing portion 8, a deploy portion 14, 
and a dummy load 12, the quantity of electricity 
detector 4C detecting only the quantity of charged' 
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electricity. On the side of the load 3 are mounted a 
quantity of electricity detector 4L, an analog/digital 
converter 6L, the digital calculation processing 
portion 8, the display portion 14 and a timer 15, the 
quantity of electricity detector 4C detecting only th* 
quantity of discharged electricity. Here, the 
analog/digital converters 6C and SL also serve as 
converters for converting an output signal from the 
temperature detector 9. Each analog/digital converter 
6C and 6L alternately performs the digital conversion 
of a detected signal of the temperature and a digital 
conversion of the quantity of electricity. Since the 
charger 2 is connected co a commercial power source, no 
timer is mounted on the side of the charger. Since t he- 
memory circuit 13 is required to store common data 
between the calculation upon charging and the 
calculation upon discharging. m this particular 
embodiment, a timer 15 is mounted on one storage 
battery. 

tn accordance with the construction shewn in Figure £. 
when the battery is charged, terminals 16B, n B , and 
18B on unit B on the side of the storage battery each 
connecting to the storage battery 1, the temperature 
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sector 9, and the memory circuit 13 are connects to 
terminals 16C, lie, and 18C, respectively, each one 
connected to the quality of electricxty detector ; C . 
the analoc/digitai converter sc. and rhe digits 
calculation processing portion 8C in the «„ it C on t Sc 

of the charger. Furthermore, when the sr.or.ge 
battery 1 is used by mounting it on the load 3, 
terminals 1S B/ 17B , and lg8 of m ^ R ^ ^ ^ ^ 

the storage battery are connected to cecminals iSi. 

and 1SL, respectively, each one connected to 
quantity of electricity detector the analo«,/dic 4ta l 
converter 6L and the digital calculation processing 
portion 8t. in such a case, the display portl0n 
displays at least one of either the quantities of 
dischargeable electricity or ti me dischargeable 

figure 6 is another e^bodi^nt in «hich each pa« ahaun 
in Figure 1 is separately arranged. m this particular 
embodiment, unit B on the side of the charge is 
provided with the quantity of electricity detector 4 
for detecting both charging and discharging current., 
the analog/digital ccnv.«« i, tnc digital calculate, 
processing portion 6, the temperature detector 6, the 
memory- circuit u, and the timer IS. Unit C is 
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provided che duauuy load 12 and the display porc.o 

U in addition co the charger 12. furthermore, che 
unit L on the side of the load is provided w ich che 
load 3 and the display portion »r,. 

In accordance w lLh r.he construction shown in Figure 
-hen the battery is charged, a terminal connected ,0 
the quantity of electricity detector c in untt B> a 
terminal 20B (at least one terminal chat receives o 
signal designating the number or charging operations, 
and outputs an instruction signal co che charger) 
connected to the charger 2 in th« digital calculation 
processing portion 6, and an output terminal 218 of the 
digital calculation processing portion 8 are connected 
to a charging output terminal 19C of the charger 7 in 
unit c on che side * £ the charger, a terminal 20C (a - 
least one terminal connected to che digital calculation 
processing portion 3 or ' the charger 2, and a terminal 
21C connected to the display portion 14C, respectively. 
In addition, when the storage bartery is mounted In the 
load, the above terminals 19B and 213 are connected to 
a terminal 19L connecting co the load 3 in unit r. on 
the Loaa side and a terminal 21L connecting to the 
display portion 14L, respectively. 
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In addi.ci.on to the construction shown in Figure 5 and 
Figure 6, the storage battery and the lead are combined 
so as to constitute one unit while another unit is 
constituted on the charger. Thu? , the whole 
construction can be divided into two units. Tho load 
and the charger are combined into one unit, while zhe 
storage battery is constituted vnco another uni- . 
Thus, the whole construction car. be divided .nco two 
portions, in the present invention, the construction 
of the minute parts is arbitrary. 

In the above embodiments , the anjlog/digital 
converters, the digital calculation processing portion, 
and the memory circuit ace operated intermittently with 
a timer. When the capacity of the storage battery is 
larger than required, they can be operated 
consecutively . 

As discussed above, the present invention performs 
calculations for compensation through the digital 
calculation processing so that remaining capacity can 
be accurately determined wich good precision through 
the performance of complex calculation processing. 
Therefore the present invention has an advantage in 
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precision in that the indication of the remaining 
capacity can be improved. In particular, the present 
invention claimed in claim 8 or claim 15 is capable ot 
compensating for the change in che life of the storage 
battery or the variation in capacity owing to 
self-discharge when the battery is mounted. analog- 
type meter for the remaining battery find- L : very hard 
to perform such compensation. Furthermore, the praser.t 
invention claimed in claim 22 is capable of 
compensating for both the change xn the Uf e Q f the 
storage battery or the variation i.n the cpacity owing 
to self -discharge when the battery is mounted. This 
notably improves the precision in the indication of the 
remaining capacity. 



4 - grief Dascriotion of x:ha Pr^mg^ , 

Figure 1 is a block diagram showing a basic 
conscruccion in one embodiment accordinq to the present 
invention; 

Figure. 2 is * diagram shoving one example of the 
properties of the ratio of the discharge capacity to 
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the standard capacity ratio at the time of the 
discharge with regard to che battery temperature; 

Figure 3 is a diagram showing one example of the 
properties of che charging efficieacy w ic .h regard c< 
the charged state represented as a temperature 
parameter of the baLtery; 

Figure 4 is a diagram showing the properties of the 
self -discharge current *h* n tne battery is a i lowed z 
stand idle with regard r.o the charged state repress 
a parameter of the battery temperature; and 



o 



as 



Figures 5 and 6 are block charts showing other 
different embodiments in accordance with the present 
invention . 



1 ... storage battery, ? ... charger, 2 ... load, 
4C, 4L . . . quantity of electricity detector, 6 
analog/digital converter, 7 ... cuamity of electrici 
detecting portion, 8, 8C, 8L . . . digital calculation 
processing portion, 3 ... temperature detector, 10 
analog/digital converter, 11 ... temperature detector. 



12 ... dummy load, 13 ... memory circuit, 14 
display portion 
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